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INTRODUCTION 
I n  todayPs i nc reas i ng l y  complex war ld  we f i n d  science being 
app l i ed  t o  many new and e x c i t i n g  areas. Everyday a  breakthrough 
i s  being made t h a t  ancr@asfa~ a f f  i e i epcy  or  g i ves  a compet i f i ve  
edge. This tachno lag iea l  e~plnsisn kar wnt R@CR b y p a s s s d  i n  %Re 
war ld  of spor ts .  
For example, a t h l e t i c  teams are  us ing  p h y s i c i s t s  t o  s tudy t h e  
biomechanic movements o f  human motion, c y to l ogys t s  a re  s tudy ing  
t h e  b lood o f  d is tance runners, and computer s c i e n t i s t s  a re  
designing a t h l e t i c  shoes. 
Optometry has a l so  been t ak i ng  an a c t i v e  p a r t  i n  t h i s  movement. 
I t ' s  no doubt t h a t  you have heard o f  var ious  types o f  v i s u a l  
enhancement techniques being used by Optometr is ts  t o  improve 
a t h l e t i c  performance. Basebal l ,  hockey and baske tba l l  teams 
have h i r e d  op tomet r i s t s  t o  t r a i n  t h e i r  a th le tes .  Recent ly a  
team o f  Q.D. 's, i n c l ud i ng  two . facu l ty  members o f  Paci f ic:  
U n i v e r s i t y  Col lege u+ Optometry attended t h e  Nat iona l  Spor ts  
F e s t i v a l  a t  t he  Olympic T ra in ing  Center. Thei r  mission was t o  
p rov ide  emergency care, anal  yse t h e  v i  scial demand o f  va r ious  
spor ts ,  and develop enhancement techniques f o r  t h e  a th le tes .  
It i s  Crom t h i s  background t h a t  I decided t o  undertake a t h e s i s  
t h a t  would he lp  expand t h e  Optometric knowledge base w i t h i n  t he  
r e l a t i v e l y  new area o f  Spor ts  Vis ion.  
Las t  year as p a r t  o f  a  sen ior  thes is ,  J i m  Richards and Richard 
F o r t i l l o  took over 200 s l i d e s  oC t e n n i s  p l aye r s  and basebal l  
p i t che rs .  More s p e c i f i c a l l y ,  they used a  35mm camera coupled 
w i t h  a  motor d r i v e  mounted on a  t r i p o d  t o  catch t h e  a t h l e t e ' s  
a c t i o n  i n  var ious  stages o f  motion. I n  regards t o  t h e  t e n n i s  
s l i des ,  t he re  a re  photographs o f  serves and re turns .  The 
basebal l  s l i d e s  are  photographs o f  f a s t b a l l s ,  cu r veba l l s  and 
screwbal l  s. 
It was t h e  i n t e n t  o f  J i m  and Rich t h a t  someone would f o l l o w  
through on t h e i r  t h e s i s  by us ing t h e  photographs t o  develop a  
tachistot i icopic 51 i d e  s e r i e s  t h a t  could be used by op tamet r i s t s  
t o  screen and enhance t h e  a t h l e t i c  performance o f  t e n n i s  p laye rs  
and basebal l  ba t te rs .  
To t e s t  t h e  f e a s i b i l . i t y  o f  under tak ing such a  t r a i n i n g  p l an  I 
developed an experiment u t i l i z i n g  t h e  s l i d e s  t o  e s t a b l i s h  a  
poss ib le  c o r r e l a t i a n  between an a t h l e t e s  a b i l i t y  t o  quick1 y  and 
c o r r e c t l y  i d e n t i f y  c e r t a i n  types o f  basebal l  p i t ches  o r  t e n n i s  
shots  v i a  t h e  tachis toscope and t h e i r  b a t t i n g  averages or  t e n n i s  
rank ing.  Then i f  a c o r r e l a t i a n  d i d  e x i s t ,  t h e  next  step would 
be  t o  t r a i n  t h e  a t h l e t e  w i t h  t h e  tachis toscope s l i d e s  t a  
determine if indeed t rans ference t o  performance does e x i s t .  
The tachis toscope i s  a  dev ice t h a t  a l l ows  you t o  show a  s l i d e  
f o r  f r a c t i o n s  o f  a  second. This  i s  accomplished by the  use o f  a 
s h u t t e r  m e c h a n i s m  similar t o  a camera. 
T a c h i s t o s c o p e s  h a v e  b e e n  u s e d  i n  t h e  p a s t  t a  e n h a n c e  p i l a t s b n d  
s a i l a r s ' a b i l i t i e s  t a  q u i c k l y  a n d  a c c u r a t l e y  r e c a g n i z a  enemy 
a i r c r a f t  a n d  s h i p s .  Mare cammanly  t h e  t a c h i s t a s c o p e  h a s  b e e n  
u s e d  t a  i n c r e a s e  r e a d i n g  speed and c o m p r e h e n s i o n .  
REVIEW O F  LITERATURE 
Optometric use o f  t he  tachis toscope began du r ing  World War I 1  
when Renshaw used i t  t o  t r a i n  Navy personnel t o  q u i c k l y  and 
successfully i d e n t i f y  a i r c r a f t  and ahJpar, The s~iesreiel 0 8  # l @ % h  
.used increased as t r a i n i n g  progressed. They began w i t h  a  speed 
of 1/25 second and by.  t h e  50 th  sess i  on t h e  f 1  ash was -reduced t o  
1/73 second. A t  t he  f i n a l  t r a i n i n g  session 95% o f  t h e  t r a i n e d  
cadets could c o r r e c t l y  i d e n t i f y  9O percent o r  more of t h e  
a i r c r a f t .  Resu l ts  o f  un t ra ined  p i l o t s  were one c o r r e c t l y  
i d e n t i f i e d  a i r c r a f t  out  o f  t h r e e  w i t h  on l y  a 1/25 second 
f l a s h .  (6) 
It was theor i zed  by Renshaw t h a t  tach is tascop ic  t r a i n i n g  
increased both  perceptual  span ( t he  amount o f  i n fo rmat ion  t h a t  
can be processed i n  a  g iven i n t e r v a l )  and t h e  speed of 
percept ionet ime i n  which a  g iven amount o f  i n f o rma t i on  can be 
processed. ) (4). 
Since World War 1 1  t h e  tachis toscope has been used most ly  f o r  
i nc reas ing  read ing  a b i l i t i e s .  Renshaw repor ted  t h a t  f i r s t  
graders g iven t a c h i s t o p i c  t r a i n i n g  .for n i ne  months were found t o  
have increased recogn i t i on  and comprehension o f  read ing  
mate r ia l .  ( 5 )  
- 
Adam% a l s o  found an increase i n  bo th  comprehension and reading 
r a t e  o f  f i f t h  graders he was t r a i n i n g . I l )  
D~rmler noted t h a t  co l l ege  s tudents  made a  s i g n i f i c a n t  increase 
i n  read ing  r a t e  a f t e r  t r a i n i n g  w i t h  a  tach is toscope. (4)  
A s  t o  date, t he re  is no l i t e r a t u r e  a v a i l a b l e  regard ing  t h e  use 
o f  a tachis toscope w i t h  t e n n i s  o r  basebal l .  One poss ib le  reason 
f o r  t h i s  i s  t h a t  u n t i l  now t h e  tachistoscopic s l i d e s  weren't 
ava i l ab l e .  
S i m i l a r l y ,  v i a  an exhaust ive search i n  t h e  l i b r a r y  us ing  t h e  
Medical and Psychological  abs t r ac t s  as w e l l  as a l l  t h e  on- l ine  
da ta  bases the re  were no a r t i c l e s  p e r t a i n i n g  t o  t h e  use o f  
tachis toscopes i n  spor ts .  It i s  t he re fo re  t h e  op in ion  o f  t h e  
author t h a t  t h e  ground being covered i n  t h i s  t h = s i s  i s  
unexp 1 ored. 
\ 
METHODOLOGY 
F ~ a m  avep 266 siidea, $R%F+Y %Re%% aRd B ~ S F F Y  ha$@B3$$ 
p i t c h e s  were c h o s e n .  F o r  a s l i d e  t o  be u s e d  i t  h a d  t o  c o n t a i n  
t h e  c h a r a c t e r i s t i c  c l u e s  n e e d e d  f o r  correct i d e n t i f i c a t i o n .  I n  
r e g a r d s  t a  b a s e b a l l  t h o s e  c l u e s  i n c l u d e  t h e  way t h e  b a l l  is 
g r i p p e d ,  t h e  p o s i t i n n  o f  t h e  p i t c h e r s  arm and  t h e  p o s t u r e  o f  t h e  
p i t c h e r .  I e n r o l l e d  t h e  h e l p  o f  t h e  P a c i f i c  V a r s i t y  E a s ~ b a l l  
c o a c h  a n d  t w o  a f  t h e i r  p i t c h e r s  t o  h e l p  m e  d e t e r m i n e  t h e  b e s t  
s l i d e s  t o  u s e .  Tn a d d i t i o n ,  I p e r f o r m e d  a p i l o t  s t u d y  w h e r e  t h e  
s l i d e s  were shown t o  b a t t e r s  t o  e n s u r e  t h e y  c o u l d  r e c o g n i z e  a n d  
d e t e c t  t h e  p i t c h  f r o m  i n f o r m a t i o n  s u p p l i e d  i n  t h e  s l i d e .  T h e  
f o l l o w i n g  is a n  e x a m p l e  o f  t h e  q u e s t i o n s  I  u s e d  ( t h e  c o m p l e t e  
q u e s t i o n a r e  is i n  a p p e n d i x  I ) .  
T h i s  p i t c h  is a : 
a. c u r v e b a l l  
b .  f a s t b a l l  
c, s c r e w b a l l  
I n  r e g a r d s  t o  t h e  t e n n i s  s l i d e s ,  I c h o s e  t h e  o n e s  t h a t  would  
a l low t h e  p a r t i c i p a n t s  t o  i d e n t i f y  w h e r e  t h e  t e n n i s  b a l l  w a s  
b e i n g  h i t  to .  T h o s e  c l u e s  inclc.!ded body  p l a c e m e n t ,  f o o t  
p l a c e m e n t  a n d  r acke t  p o s i t i o n .  Aga in  I e l i c i t e d  t h e  h e l p  o f  a 
t e n n i s  c o a c h  t a  h e l p  d e t e r m i n e  t h e  b e s t  s l i d e s .  The f o l l o w i n g  
is a n  e x a m p l e  a f  t h e  q u e s t i o n s  I u s e d  ( t h e  c o m p l e t e  q u e s t i o n a r e  
is c o n t a i n e d  i n  a p p e n d i x  1 1 ) .  
T h i s  s e r v e  is t o  : 
a. m i d l i n e  
b. o u t e r l i n e  
T h e  s l i d e s  were t a k e n  u s i n g  a N i r a n  FM 3 5 m m  camera f i t t e d  w i t h  a 
N i c a n  M D - 1 2  m a t o r d r i v e  a t t a c h m e n t .  T h e  d r i v e  a l l o w e d  
a p p r o x i m a t e l y  f o u r  s h o t s  t o  b e  t a k e n  e v e r y  s e c o n d .  With  t h i s  
s y s t e m ,  a series o f  p h o t o g r a p h s  c o u l d  b e  t a k e n  as t h e  a c t i o n  
p r o g r e s s e d .  A t r i p a d  w a s  u s e d  +or  c a m e r a  s t a b i l i t y .  A l l  
p h a t a g r a p h s  w e r e  t a k e n  t h r a u g h  a Nicon  100-300 room l e n s .  Kodak 
E k t a c h r o m e  f i l m  was u s e d  f o r  b a t h  series. F i l m s  oC A S A  64, 200 
a n d  400 w e r e  u s e d  t o  c a p t u r e  b a s e b a l l  a c t i o n .  T e n n i s  a c t i o n  was 
c a p t u r e d  u s i n g  A S A  43.4. + i l m .  T h e  s l i d e s  were mounted o n  2 x 2  i n c h  
s l i d e s .  
T h e  b a s e b a l l  s l i d e s  w e r e  t a k e n  w i t h  t h e  camera l o c a t e d  w h e r e  t h e  
b a t t e r  would  n o r m a l l y  b e  p o s i t i o n e d  i n  r e l a t i a n  t o  t h e  p i t c h e r .  
T h e  t e n n i s  s l i d e s  were t a k e n  f r o m  w h a t  would b e  a n  a p p o s i n g  
p l a y e r s  p a s i t i a n .  
T h e  s l i d e s ' w e r e  p r o j e c t e d  u s i n g  a normal  s l i d e  p r o j e c t o r  f i t t e d  
w i t h  a 3 i n c h ,  f = 3 . 5  l e n s .  The i m a g e  w a s  shown o n  a w h i t e  
p r a j e c t i a n  s c r e e n ,  t h e  room l i g h t s  w e r e  d im a n d  t h e  p r o j e c t a r  
w a s  12 f e e t  f r o m  t h e  s c r e e n .  A f i x a t i o n  p a i n t  was 
t h e  sub jec ts  knew where t a  look.  A l l  sub jec ts  were 12-14 f e e t  i n  
f r o n t  o f  t h e  screen. 
A tach speed o f  .2 seconds was chosen based on work done by 
Renshaw,fram feedbacl:: obtained i n  t he  p i l o t  study,and from t h e  
coaches. 
For sub jec ts  I used t h r e e  groups o f  a t h l e t e s  . They were t h e  
P a c i f i c  Baseball  team, Rock Creek l i t t l e  league, and t e n n i s  
p l aye r s  f rom t h e  River  Bend Tennis f lssociat ion. A11 a t h l e t e s  
were b r i e f e d  on t he  experiment, then each s l i d e  was shawn w i t h  a 
tachistascape. The sub jec ts  were t o l d  "Ready..,..setU.. ..then I 
f lashed t h e  s l i de .  A f te r  the  f l a s h  sub jec ts  answered a 
corresponding m u l t i p l e  choice question. p 
A t  t he  conclus ion a f  t he  t e s t i n g  I obtained t h e  sub jec ts  b a t t i n g  
averages f ram t h e  teams s t a t i s t i c i a n  i n  t h e  case o f  basebal l .  
For t he  t enn i s  p laye rs  I obtained t h e i r  rank ing  on a ladder  
s;yst~m. Tennis ladders  a re  ctsed i n  most t e n n i s  C ~ L L ~ B .  The 
scores on t h e i r  t e s t s  were then ca r re l a t ed  independent ly w i t h  
t h e i r  b a t t i n g  average i n  regards t o  basebal l  and w i t h  t h e i r  
ladder rank ing  i n  t h e  case o f  t he  t enn i s  p layers .  
S t a t i s t i c a l l y ,  I app l ied  t h e  Standard E r r o r  o f  Percentage w i t h  a 
conf idence l e v e l  o f  .a5 t o  determine i f  t h e  scores an t he  
quest iona i res  were s imply  by chance or  t he  r e s u l t  o f  some type  
o f  proper i d e n t i f i c a t i o n  by the  a th le tes ,  
I n  terms af co r re l a t i un ,  I used t h e  Spearman rank c o r r e l a t i o n  
c o e f f i c i e n t  f o r  t h e  t enn i s  p laye rs  s ince  t he  ladder rank ings  
were non-parametric. 
Far t h e  basebal l  c o r r e l a t i o n s  I used Pearsons r. Th is  was 
app l i cab le  s ince  I had a r d i n a l  data f a r  these t e s t  scares and 
t h e i r  b a t t i n g  averages. I app l ied  Pearsons r t o  a1 1 20 s e t s  o f  
scores. Add i t i ona l l y ,  I d iv ided  the  tap t e n  b a t t e r s  f rom t h e  
remaining t e n  b a t t e r s  and ca lcu la ted  Pearsons r Sor t h e  two 
groups. 
I n  t h i s  s e c t i o n  t h e  r e s u l t s  f o r  e a c h  g r o u p  t e s t e d  w i l l  b e  g i v e n  
s e p a r a t e l y .  The  f i r s t  g r o u p  r e p o r t e d  o n  are t h e  t e n n i s  p l a y e r s .  
Cf i g .  1 )  
Ri ver  L a n e  "Tenn i s 
A s s o c i a t i o n  
t e s t  score 
86.7 
83 .3  
7b. 7 
76.7 
7 0 
7 (2 
70 
66.7 
&&. 7 
test r a n k  l a d d e r  r a n k  
1. & 3
2 7 .A 
5 1 
3 4 
4 4 
4 2 
4 C 4 
5 3 
5 4 
S p e a r m a n  ( r )  =I - [ :& Sum d s q u a r e d  / n  ( n  s q u a r e d- 1 )  1=.1416 
( f i g  1) 
A p p l y i n g  t h e  s t a n d a r d  error of  p e r c e n t a g e s  ( t o  e s t a b l i s h  i f  t h e  
test s c o r e s  were m e r e l y  b y  c h a n c e  or  a s  t h e  r e s u l t  of  s o m e  t y p e  
of r e c o g n i t i a n ) ,  I f o u n d  t h a t  t h e  scores w e r e n ' t  m e r e l y  b y  
c h a n c e  a t  t h e  p = .05 l e v e l .  The S p e a r m a n  r a n k  c o r r e l a t i o n  o f  
. I 4 1 6  d i d  n o t  r e f u t e  t h e  n u l l  h y p o t h e s i s .  T h e r e  w a s  n o  
c o r r e l a t i o n  b e t w e e n  t h e  t es t  scores a n d  t h e i r  t e n n i s  l a d d e r  
s t a n d i n g .  
T h e  s e c o n d  g r o u p  r e p a r t e d  o n  .is t h e  l i t t l e  l e a g u e  team ( f i g . 2 ) .  
Rock C r e e k  L i t t l e  L e a g u e  
test score score r a n k  
43.2 1 
43.2 1 
4 0 2 
4 0 2 
3b. 6 3 
-- 2.2, 3 4  
33.3 4 
26.6 5 
26.6 5 
2 t:, b 
I&.& 7 
b a t t i n g  a v e r a g e  r a n k  
4 
I 1  
2 
€3 
1 
7 
9 
1 0 
6 
t 4 
3 
S p e a r m a n  t r )  = l - C  6 Sum d  squared / n  ( n  s q u a r e d- 1 )  I=. 027 
, i I n  t h i s  group where t h e  s tandard e r r o r  o f  percentage was a p p l i e d  
t o  t h e  t e s t  scores t h e  r e s u l t  shawed t h a t  t h e  scores  on t h e  
qu@mtions wore mePeLy by  chances Thaf be ing  t h e   as#^ thePe is 
no meaning t o  the c a t = ~ e l a g & g n  en *he resulCs. 
F'aci f i c Baseba l l  Team 
p 1 ayee t e s t  % b a t t i n g  average 
I 9 0 ,585 
F'earsons r =Sum XY/Square r o o t  a f  (Sum X squared) (Sum Y 
squared) =. 648 
t + i q  3) 
The t h i r d  group r e p o r t e d  on i s  t h e  P a c i f i c  baseba l l  team 
( f i g . 3 ) .  The t e s t  scares  were n o t  e n t i r e l y  by chance w i t h  a 
con f idence  l e v e l  o f  .05. Using Fearsons r, t h e  c a e f f  i c i e n t  o f  
c o r r e l a t i o n  was equal t o  r = .648 w i t h  a canf idence  l e v e l  o f  
.(51. T h ~ s  means t h a t  t h e r e '  is o n l y  a ane i n  100 chance t h a t  t h e  
c o r r e l a t i o n  was by  chance. 
A g a i n  i n  t h i s  sec t ion I w i l l  d i s c u s s  e a c h  g r o u p  i n d i v i d u a l l y  a n d  
t h e n  a d d  comments  a n  t h e  r e l a t i o n s h i p  w i t h i n  g r o u p s .  
T h e  r e s u l t s  f r o m  t h e  t e n n i s  p l a y e r s  a s s u c i a t i o n  s h n w s  t h a t  t h e  
s u b j e c t s  w e r e  a b l e  t o  t e l l  f r o m  t h e  t a c h i s t o s c o p e  s l i d e s  a f  
t e n n i s  s h o t s  w h e r e  t h e  b a l l  w a s  g o i n g  t o  b e  h i t .  T h i s  w a s  d o n e  
f a i r l y  w e l l  by a l l  p a r t i c i p a n t s  w i t h  t h e  scores r a n g i n g  f r o m  
86.7% t o  66..7%, I f  p a r t i c i p a n t s  would  h a v e  p t . i re ly  g u e s s e d  a 
scare o f  a b o u t  50% c o u l d  h a v e  b e e n  e x p e c t e d .  
T h e  c o r r e l a t i o n  c u r f f i c i e n t ,  h o w e v e r ,  showed t h a t  t h e r e  w a s  n o  
r e l a t i o n s h i p  b e t w e e n  t h e i r  a b i  1 i t y  t o  c o r r e c t l y  i d e n t i f y  ( v i a  
t h e  t a c h i s j t a s c ~ p e )  t h e  sl.  i d e s  a n d  t h e  t e n n i s  p l a y e r s  s t a n d i n g  o n  
a l a d d e r  r a n k i n g .  Same p o s s i b l e  r e a s o n s  f o r  t h i s  are t h a t  b e i n g  
a b e t t e r  t e n n i s  p l a y e r  r e q u i r e : ;  mare t h a n  j u s t  t h e  a b i l i t y  t a  
r e c a g n i z e  q u i c k l y  w h e r e  a b a l l  is g a i n g  t o  b e  h i t .  The  p l a y e r s  
m u s t  a l so  know t h e  s p e e d  a n d  s p i n  a d  t h e  h i t .  I n  a d d i t i o n ,  w i t h  
a l a d d e r  s y s t e m  t h e  b e s t  p l a y e r s  a r e n ' t  n e c e s s a r i l y  a t  t h e  t o p .  
I f  a s u p e r i a r  p l a y e r  h a s  n o t  b e e n  p l a y i n g  o r  c h a l l e n g i n g  h i g h e r  
p o s i t i a n s ,  h e  w i l l  s t i l l  b e  a n  t h e  l a d d e r  b u t  n a t  i n  h 3 s  p r a p e r  
p o s i t i o n .  A n o t h e r  f a ~ ~ l t  o f  t h i ~ ;  p h a s e  a+ t h e  e:.:periment w a s  t h e  
small  number a f  s u b j e c t s .  
L i t t l e  L e a g u e  
T h e  s t a t i s t i c a l .  a n a l y s i s  showed t h a t  t h e  test scores w e r e  m e r e l y  
b y  c h a n c e .  I n  o t h e r  w a r d s ,  t h e  p l a y e r s  c o u l d  h a v e  s c a r e d  as 
wel.1 i f  t h e y  w e r e  j~tst g u e s s i n g ,  A t  f i r s t  t h i s  p u z z l e d  m e ,  b u t  
a d t e r  t a l k i n g  w i t h  t h e i r  c o a c h  1 r e a l i z e d  t h a t  l i t t l e  l e a g u e r s  
a r e n ' t  t r a i n e d  t o  r e c o g n i z e  t h e  c l u e s  p i t c h e r s  r e v e a l  when t h e y  
t h r o w  t h e  b a l l .  The  p l a y e r s  were n i n e  a n d  t e n  y e a r s  o l d  a n d  a t  
t h a t  a g e  t h e y  a re  s t i l l  w o r k i n g  a n  t h e  b a s i c s .  
P a c i d i c  B a s e b a l l  Team 
T h e  r e s u l t s  f r o m  t h e  F ' a c i f i c  U n i v e r s i t y  b a s e b a l l  team were b y  
f a t -  t h e  mast i n t e r e s t i n g .  The  a n a l y s i s  of  t h e  q u e s t i o n s  showed 
t h a t  t h 5  a n s w e r s  were n o t  j u s t  b y  c h a n c e .  I n  a d d i t i o n ,  t h e  
c a e d f  i c i e n t  of  c o r r e l a t i o n  fr=. 64S) f o r  t h e  w h a l e  g r o u p  wasn"  t 
l i l.::el.y b y  c h a n c e  ei t h e r .  The  c a r r e l a t i n n  w a s  ever)  s t r o n g e r  
(r=. 9(:)4) when c a n s i d e r i n g  o n 1  y t h e  t a p  t e n  b a t t e r s .  
From my d i s c ~ c s s i a n s  w i t h  t h e  b a s e b a l l  c o a c h  1 r e a l i z e d  t h a t  h e  
t a u g h t  h i s  b a t t e r s  t o  l o o k  f a r  c l u e s  when t h e y  w e r e  b a t t i n g ;  h e  
c a 1 , l e d  i t  " r e a d i n g  t h e  p i t c h " .  I t  was a l so  n o t e w o r t h y  t h a t  o n e  
uf  t h e  t e a m s  p i t c h e r s ,  who d o e s n ' t  b a t ,  m i s s e d  o n l y  f a u r  
q u e s t i  o n s  18A. 7%) .  F u r t h e r m a r e ,  t h e  c o a c h  who u s e d  t o  b e  a 
major l e a g u e  p i t c h e r ,  g o t  a p e r f e c t  scare o n  t h e  s l i d e  
q u e s t i n n a i r e .  He s a i d  t h e y  w e r e  o b v i o u s .  
A n o t h e r  i n t e r e s t i n g  a s p e c t  o f  t h e  e x p e r i m e n t  w a s  w a t c h i n g  t h e  
p layers  as the  t e s t  was underway. Same af them would t r y  t o  
mimic t he  p i t c h  they saw an the s l i d e  and then f a l l a w  thraugh to 
he1.p determine what type o f  p i t c h  i t  wauld be. 
L.i t t l  e League and Par i  S i c Baseball 
The majar d igference between t he  r e s u l t s  017 t he  two groups  i s  
t h a t  t he  L i t t l e  League p layers  weren't ab le  t a  i d e n t i f y  w i t h  any 
c e r t a i n t y  what types a4 p i t ches  were being thrown. Qn t he  ather  
hand the  P a c i f i c  Baseball Team was q u i t e  ab le  t o  make t h e  
c a r r e r t  determinations. This  i s  probably due to t h e  co l l ege  
teams greater  developed s k i l l  l e v e l .  
. . 
I ,  
CONCLUSION 
T h i s  e x p e r i m e n t  showed t h a t  t h e r e ,  is p o s i t i v e  c o r r e l a t i o n  b a f k i n g  &v&rdQe and an Bf,.i.&$g@3 ,"& @$FFe@g$V 
i d e n t i f y  p i t c h e s  shown w i t h  a t a c h i s t . a s c o p . e .  T h e  r e l a t i o n s h i p  
a p p e a r s  t o  e x i s t  o n l y  a t  h i g h e r  l e v e l s  o f  c o m p e t i t i a n .  T h i s  is 
s u p p o r t e d  by  t h e  f a c t  t h a t  t h e r e  w a s  n o  c o r r e l a t i o n  w i t h  t h e  
L i t t l e  League  p l a y e r s ,  a s i g n i f i c a n t  c a r r e l a t i o n  t.648) w i t h  
t h e  e n t i r e  P a c i q i c  B a s e b a l l  Team and  a n  e v e n  z t r o n g e r  
o r r e l a t i o n  (.?04) u s i n g  P a c i + i c 7  s t o p  1 0  Batters.  
A p o s s i b l e  c o n t i n c r a t i a n  o f  t h i s  s t ~ r d y  would test more c o l l e g e  
and  m i n o r / m a j o r  l e a g u e  t e a m s  t o  s t r e n g t h e n  t h e  c o n c l u s i o n  t h a t  
a s e b a l l  p l a y e r s  w i t h  h i g h e r  b a t t i n g  a v e r a g e s  perCarm b e t t e r  on  
a c h i s t o s c c t p e s .  Once t h a t  w a s  d e t e r m i n e d  t h e  n e x t  s t e p  wauld  be 
a t r a i n  a g r o u p  o f  b a t t e r s  and see i f  t h e i r  a v e r a g e s  i n c r e a s e d .  
/ 
A n a t h e r  v a r i a t i o n  t o  i n v e s t i g a t e  i n v o l v e s  u t i l i z i n g  a dynamic  
t a c h i  s t a s r o p e  p r e s e n t a t i o n  i n p l a c e  of t h e  s t a t i c  s l i d e s  series. 
T h i s  c o u l d  b e  d o n e  u t i l i z i n g  a v i d e o  camera or a 16 mm movie  
camera .  The  a d v a n t a g e  a f  t h i s  would b e  t h a t  i t  allows t h e  
a t h l e t e  t a  see a mare r e a l i s t i c  p i c t u r e  o f  t h e  m a t i a n .  
T h e  s t u d y  a l so  showed t h a t  a t  t h e  a m a t e u r  l e v e l . ,  u n d e r  my 
t e s t i n g  c o n d i t i o n s ,  t h e r e  is no  c o r r e l a t i o n  be tween  how w e l l  you  
p l a y  t e n n i s  and y o u r  p e r f o r m a n c e  on a t a c h i s t o s c o p e .  A d d i t i o n a l  
s t u d i e s  c o u l d  b e  d o n e  t e s t i n g  c n l l e g e  and  p r o f e s s i o n a l  p l a y e r s .  
F c t t ~ ~ r e  s t u d i e s  would r e q n i r e  improved  m e t h o d o l o g y  t o  el i r n i n a t e  
t h e  p r o b l e m s  p r e v i a u s l y  m e n t i o n e d .  
I would  l i k e  t a  t h a n k  the f n l . l a w i n g  i n d i v i d u a l s  fa r  t h e i r  
a s s i s t a n c e  a n d  e x p e r t i s e :  
A l a n  W .  Reichow i2.D. 
A s s i s t a n t  P r a f  essar o f  Q p t o m e t r y  
The P a c i f i c  U n i v e r s i t y  C a a c h i n q  S t a f f  
T h e  P a c i S i c  U n i v e r s i t y  E a s e b a l l  Team 
The R i v e r  Bend T e n n i  s k s s u c i  a t i  a n  
The  Rack C r e e k  L i t t l e  1-eague 
H a r o l d  M. Wayne5 Q. D. 
D i s t i n g u i s h e d  P r o - F e s s o r  a+ O p t o m e t r y  
R i c h a r d  P o r t i l l u  O.D. 
James R i c h a r d s  U.D. 
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APPENDIX I 
Name: 
BASEBALL SLIDE TEST 
In this experiment you will be shown slides taken af a pitcher 
throwing a baseball to a batter. Thr type o f  pitches will 
include: 1. ) fastballs? 2 . )  curveballs, 3.1 screwballs, 
4.) sliders. The slides will only be visible for a split 
second. Your task will be to identify from the information 
presented on the slide what type of pitch is being thrown. 
After each slide is shown you will be asked to answer a multiple 
choice question. 
Don" feel badly if you can't tell from the slide what type of 
pitch is being thrown. This experiment is being attempted for 
the first time, and it may be possible that there isn't enough 
information on the slide for you to make a correct decision , or 
that t h e  s l i d e  is flashed t a a  quickly for recognition. 
i .  This pitch is a: 
a. curveball 
b. -Fastball 
c. screwball 
d. slider 
2. This pitch is a: 
a. curveball 
b.  fastball 
c. screwball 
d. slider 
3. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. sl ider 
4. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
B 59ir lUMP 
5 .  This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. 5lider 
& I  T h i s  B $ ~ E R  % %  ae 
a. curveball 
b. fastball 
c. screwball 
d. slider 
7. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. slider 
8. This pitch is a: 
a. curveball 
b, fastball 
c. screwball 
d. slider 
9. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. slider 
10. This pitch is a: 
a. c~trveball 
b. fastball 
c. screwball 
d. slider 
11. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d, slider 
12. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d,  slider 
13. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d: 3lldrr 
14. This pitch is a: . 
a. curveball 
b. fastball 
15. This pitch is a: 
a, curveball 
b. fastball 
c. screwball 
d. slider 
d & r  This pitch is a: 
a, ~ u ~ v e h a l  P 
b. fastball 
c. screwball 
d,  slider 
17. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. slider 
18. This pitch is a: 
a. ccrrvebal 1 
b. fastball 
c. screwball 
d. slider 
19. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. slider 
20. This pitch is a: 
a. curveball 
b. fastball 
c, screwball 
d. slider 
21. This pitch is a: 
a. curveball 
b. fastball 
c. screwball 
d. slider 
22. This pitch is a: 
a, CL~-vebal 1 
b. fastball 
c. screwball 
d.  slider 
23. This pitch is a: 
a. curveball 
b. fastball 
e,  ~ e r w w b a l l  
d ,  slider 
a. curveball 
b ,  fastball 
c. screwball 
d. slider 
25 ,  T h i s  ptCeR i a  az 
a. curveball 
b. .fastball 
c. screwball 
d. slider 
26. This pitch is a: 
a. c~rveball 
1 b. fastball 
c. screwball 
d. slider 
27. This pitch is a: 
a. curveball 
b, fastball 
c. screwball 
. d. slider 
28. T h i s  pitch is a: 
a. curveball 
b,  fastball 
c. screwball 
d. slider 
29. This pitch is a: 
a. curveball 
b. +astball 
c, screwball 
d .  slider 
30. This pitch is a: 
a. curveball 
b .  fastball 
c. screwball 
d. slider 
AF'F'ENDIX I I  
Name 
TENFdte st%J2FZ TEST 
Xn t h i s  e : , : pe r imen t  yau w i l l  b e  shown s l i d e s  of t e n n i s  s e r v e s  a n d  
r e t u r n s .  T h e  s l i d e s  w i l l  on1.y b e  +lashed f o r  a s p l i t  s e c o n d .  
Your  task w i l l  b e  t o  a n s w e r  a m u l t i p l e  c h o i c e  q u e s t i o n  a+ter  
e a c h  s l i d e  is s h o w n  
T h e r e  is o n e  cor rec t  a n s w e r  f a r  each q u e s t i o n .  D o n ' t  f e e l  b a d l y  
i f  yau c a n ?  d e t e r m i n e  where t h e  b a l l  w i l l  go. I t  is p o s s i b l e  
t h a t  t h e r e  i s n ' t  e n o u g h  i n f o r m a t i o n  o n  t h e  s l i d e  f n r  you t o  
d e t e r m i n e  a carrect  a n s w e r  or t h a t  the s l i d e  is f l a s h e d  t o  
q~!icC::ly.  
S l i d e s  #I-#6 a r e  s e r v e s  f r o m  t he  a d d  s i d e ;  
1. T h i s i s a s e r v e t a :  
a. m i d l i n e  
b . o u t e r  l i ne 
2.  This is a s e r v e  t o  : 
a ,  m i d l i n e  
b.  a u t e r l i n e  
3. T h i s  is a s e r v e  t o  : 
a. m i d l i n e  
b.  o u t e r l i n e  
4. T h i s  is a s e r v e  t o  : 
a. m i d l i n e  
b. o u t e r l i n e  
5. This is a s e r v e  t o  : 
a .  m i d l i n e  
b. o u t e r l i n e  
6 .  T h i s  is a s e r v e  t o  : 
a. m i d l i n e  
b .  o u t a r l i n e  
S l i d e s  #7-#1i a re  f r o m  t h e  d e u c e  side; 
7' T h i s  is a s@rve $9 r 
# n  r n P d l i ~ e ~  
b .  a u t e r l i n e  
8. T h i s  is a serve t o  : 
a. m i d l i n e  
b.  o u t e r 1  j. ne 
9. T h i s  is a s e r v e  t o  : 
a. m i d l i n e  
tt. o u t e r l i n e  
1 0 . T h i s  is a s e r v e  t o  : 
a, m i d i n e  
b .  o u t e r l i n e  
1 1 . T h i s  is a s e r v e  t o  : 
a. m i d l i n e  
b. o u t e r l i n e  
S l i d e s  #12-#22 a re  f o r e h a n d  r e t u r n s ;  
1 2 . T h i s  is a f o r e h a n d  : 
a. cross  c o u r t  
b. d o w n l i n e  . 
1 3 . T h i s  is a f o r e h a n d  : 
a ,  cross  c o u r t  
b. d o w n l i n e  
1 4 . T h i s  is a f o r e h a n d  : 
a. cross  c o u r t  
b. d o w n l i n s  
1 5 . T h i s  is a f o r e h a n d  : 
a. cross c o u r t  
b .  d o w n l i n e  
1 h . T h i s  is a f a r e h a n d  : 
a. c r o s s  c o u r t  
b. d o w n l i n e  
1 7 . T h i s  is a f o r e h a n d  : 
a. cross cou r t  
b. d o w n l i n e  
1 8 . T h i s  is a f o r e h a n d  : 
a. cross c o u r t  
b.  d a w n l i n e  
1 S . T h i s  is a C a r e h a n d  : 
a. c r o s s  c o u r t  
b .  U o w n l i n e  
2O.This i s  a forehand : 
a. cross court 
b. downline 
21.Fhis is a eo~ehand : 
a. cross court 
b.  downline 
. -b..)c.l i~.This is a forehand ri 
a. cross court 
b. downline 
Sl ides #23-30 are backhand returns; 
m-- 
 this backhand is : 
a, cross court 
b. downline 
2 4 . T h i s  backhand is : 
a. cross court 
b. downline 
Clr 
~4.This backhand is : 
a. cross court 
b. downline 
2 6 . T h i s  backhand is : 
a. cross court 
b. downline . 
2 7 . T h i s  backhand is : 
a, cross court 
b. downline 
28. T h i s  backhand is : 
a. cross court 
b. downline 
2 9 . T h i s  backhand is : 
a. cross court 
b. dawnline 
30. T h i s  backhand is : 
a. cross court 
b. downline 
